In this paper, we introduce two different contractive conditions and prove some new fixed point theorems for cyclic . ; ; '/˛-contractive mappings and˛-.Ä; '/ g -contractive mappings in complete metric-like spaces via altering distance functions. Our results generalize and extend some existing results. Moreover, some examples are given to support the obtained results.
Introduction and preliminaries
It is well known that functional analysis is made up of two main methods which are variational methods and fixed point methods. Variational methods are used to prove the existence of solutions for differential equations [1] [2] [3] [4] [5] [6] [7] [8] [9] . However, fixed point methods are studied by many scholars [10] [11] [12] [13] in different spaces. Especially, in 2012, AminiHarandi [14] introduced the notions of metric-like spaces which is considered to be an interesting generalization of metric spaces, partial metric spaces [15] and quasi-metric spaces [16] . At the same time, the author proved some fixed point theorems in complete metric-like spaces. Based on the work of Amini-Harandi [14] , P. Salimi et al. [17] proved some interesting fixed point theorems for generalized cyclic contractive mappings in complete metric-like spaces. Motivated by [17, 18] , the purpose of this paper is to introduce two different integral type contractive conditions and prove some new fixed point theorems for cyclic . ; ; '/˛-contractive mappings and˛-.Ä; '/ g -contractive mappings in complete metric-like spaces via altering distance function. Our results generalize and extend some existing results. Moreover, we give some examples and an application to support our results.
Throughout this paper, Let R D . Now, we recall some basic concepts, notations and known results of metric-like spaces which will be used in the sequel.
Definition 1.1 ([14]). A mapping W X X ! R
C where X is a nonempty set, is said to be a metric-like mapping on X if for any x; y; z 2 X the following three conditions hold true: ( 1) .x; y/ D 0 ) x D y; ( 2) .x; y/ D .y; x/; ( 2) .x; z/ Ä .x; y/ C .y; z/. The pair .X; / is then called a metric-like space.
In [14] , the author have shown that the metric-like space induces a Hausdorff topology, and the converge described is as follows.
A metric-like on X satisfies all of the conditions of a metric except that .x; x/ may be positive for x 2 X . Each metric-like on X generates a topology on X whose base is the family of open -balls B .x; / D˚y 2 X j .x; y/ .x; x/ < « for all x 2 X and > 0. Then a sequence fx n g in the metric-like space .X; / converges to a point x 2 X if and only if lim n!1 .x n ; x/ D .x; x/.
A sequence fx n g of elements of X is called -Cauchy if the limit lim n!1
.x m ; x n / exists and is finite. The metric-like space .X; / is called complete if for each -Cauchy sequence fx n g, there is some x 2 X such that lim n!1 .x n ; x m / D .x; x/ D .x n ; x/: Definition 1.2 ( [19, 20] ). Let .X; / be a metric-like space and U be a subset of X . We say that U is a -open subset of X, if for all x 2 X there exists s > 0 such that B .x; s/ Â U . Also, V Â X is a -closed subset of X if X n V is a -open subset of X .
Lemma 1.3 ([21]
). Let .X; / be a metric-like space and V be a -closed subset of X . Let fx n g be a sequence in V such that x n ! x as n ! 1. Then x 2 V .
Lemma 1.4 ([21]
). Let .X; / be a metric-like space and fx n g be a sequence in X such that x n ! x as n ! 1 and .x; x/ D 0. Then lim n!1 .x n ; y/ D .x; y/ for all y 2 X.
.x; x i / holds for all x i ; x 2 X where 1 Ä i Ä n.
Lemma 1.6 ([21]
). Let .X; / be a metric-like space and let fx n g be a sequence in X such that
.x n ; x m / ¤ 0, then there exist > 0 and two sequences fm.k/g and fn.k/g of positive integers such that n.k/ > m.k/ > k and the following four sequences tend to when k ! 1:
In [17] , the authors give the following remark which is very useful in this paper.
Remark 1.7. If the condition of the above lemma is satisfied, then the sequences f .x m.k/ ; x n.k/Cs/ /g and f .x m.k/C1 ; x n.k/Cs/ /g also converge to when k ! 1, where s 2 N.
The notion of˛-admissibility was defined by [18] and many authors [22] [23] [24] applied˛-admissibility to some various metric spaces so that they can get some generalized fixed point theorems.
The mapping F is said to be˛-admissible if for all x; y 2 X , we have˛.
Definition 1.9 ( [25] ). Let .X; / be a metric-like space. Let˛W X X ! OE0; 1/ and F W X ! X . We say that F is˛-continuous on .X; /, if
In order to prove our results, we need to give the following definition of altering distance functions which was introduced in [26] .
Definition 1.10 ([26]
). An altering distance is a function W OE0; C1/ ! OE0; C1/ which is increasing, continuous and vanishes only at the origin.
Fixed point problems involving altering distances have also been studied in [29] [30] [31] [32] . In [30] , the following lemma shows that contractive conditions of integral type can be interpreted as contractive conditions involving an altering distance. (i) F is an˛-admissible mapping;
Proof. By the condition (ii), let x 0 be an arbitrary point of Y such that˛.x 0 ; F x 0 / 1. Then there exists some i 0 such that
, where x n 2 A i n . Hence for n 0, there exists i n 2 f1; 2; : : : ; rg such that x n 2 A i n and F x n D x nC1 . On the other hand, F is an˛-admissible mapping, hence by Definition 1.8, we get
Again, since F is an˛-admissible mapping, we havę
Continuing this process, we can construct a sequence fx n g in A i n such that .x n 1 ; F x n 1 / 1 )˛.x n ; F x n / 1 for all n 2 N 0 and so˛.
x n ; F x n /˛.x n 1 ; F x n 1 / 1 for all n 2 N:
If for some n 0 D 0; 1; 2; : : :, we have x n 0 D x n 0 C1 , then F x n 0 D x n 0 , that is, x n 0 is a fixed point of F . So from now on, we assume x n ¤ x nC1 for all n 2 N. Hence, by Lemma 1.5 (C) we have .x n ; x nC1 / > 0 for all n 2 N. Now, we want to show that .x n ; x nC1 / < .x n 1 ; x n /. If .x n ; x nC1 / .x n 1 ; x n /, then by (4) and (5), we have
where M .x n 1 ; x n / D max .x n 1 ; x n /; .x n 1 ; F x n 1 /; .x n ; F x n /; .x n 1 ; F x n / C .x n ; F x n 1 / 4 D max .x n 1 ; x n /; .x n 1 ; x n /; .x n ; x nC1 /;
.x n 1 ; x nC1 / C .x n ; x n / 4 D max .x n 1 ; x n /; .x n ; x nC1 /;
.x n 1 ; x nC1 / C .x n ; x n / 4
From Lemma 1.5 (D), we can get .x n ; x n / Ä .x n 1 ; x n / C .x n ; x nC1 / and by . 3/ in Definition 1.1, we have
That is max˚ .x n 1 ; x n /; .x n ; x nC1 / « Ä max .x n 1 ; x n /; .x n ; x nC1 /;
.x n 1 ; x nC1 / C .x n ; x n / 4 Ä max .x n 1 ; x n /; .x n ; x nC1 /;
.x n 1 ; x n / C .x n ; x nC1 / 2 D max˚ .x n 1 ; x n /; .x n ; x nC1 / « :
Thus we have max .x n 1 ; x n /; .x n ; x nC1 /; .x n 1 ; x nC1 / C .x n ; x n / 4 D max˚ .x n 1 ; x n /; .x n ; x nC1 / « :
Therefore, from (7) and (8), we get
By (6) and (9), we have
maxf .x n 1 ; x n /; .x n ; x nC1 /g// .maxf .x n 1 ; x n /; .x n ; x nC1 /g C '.maxf .x n 1 ; x n /; .x n ; x nC1 /g// :
If maxf .x n 1 ; x n /; .x n ; x nC1 /g D .x n ; x nC1 /, then by (10), we have
. .x n ; x nC1 / C '. .x n ; x nC1 /// Ä . .x n ; x nC1 / C '. .x n ; x nC1 /// . .x n ; x nC1 /; C'. .x n ; x nC1 /// ; which contradicts to the condition (iii) of ‚ 3 and ‚ 4 . Hence
Since .x n ; x nC1 / .x n 1 ; x n /, by the properties of , ' and Lebesgue integral function, we have
Hence, from (11) and (12), we can get
which is a contradiction. Therefore .x n ; x nC1 / < .x n 1 ; x n / holds for all n 2 N and there exists ı 0 such that lim n!1 n D ı. Next, we shall show that ı D 0. In order to prove ı D 0, we assume that ı > 0. By (11), together with the properties of , , ', we have
which is a contradiction. Thus, lim
Next, we want to prove that lim
.x n ; x m / ¤ 0, then by Remark 1.7, there exists > 0 and two sequences fm.k/g and fn.k/g of positive integers such that n.k/ > m.k/ > k and lim n!1 .x m.k/ ; x n.k/Cs / D , where s 2 N. Chooses, s; l 2 N such that s D m.k/ C ls C 1 n.k/, then we have x m.k/ 2 A i and x n.k/Cs 2 A i C1 for some i 2 f1; 2; : : : ; rg. Therefore, using the contractive condition (4) 
where
Letting k ! 1 in (13) and (14), then we have
which is a contradiction. Thus we can conclude that lim
On the one hand, we assume that (a) of (iii) holds, that is, F is˛-continuous. Then it is obvious that
On the other hand, we assume that (b) of (iii) holds and˛.x n.k/ ; x n.k/C1 / 1. Then we have˛.x; F x/ 1 and so˛.x; F x/˛.x n.k/ ; F x n.k/ / 1. Next, we prove that x is a fixed point of F . Since lim
: : : ; r, where A nC1 D A 1 , the sequence fx n g has infinitely many terms in each A i for i 2 f1; 2; : : : ; rg. Suppose that x 2 A i . Then T x 2 A iC1 and we take a subsequence fx n.k/ g of fx n g with x n.k/ 2 A i 1 (the existence of this subsequence is guaranteed by the above mentioned comment). By using the contractive condition (4), we obtain
In (15) and (16), letting k ! 1 and using the lower semi-continuity of , we can get
which is a contradiction. Hence, .F x; x/ D 0, that is, F x D x. Therefore, x is a fixed point of F . The cyclic character of F and the fact that x 2 X is a fixed point of F , imply that x 2 [ r iD1
A i . At last, we shall prove the uniqueness of the fixed point. Now, we assume that x; y 2 [ r iD1
A i are two fixed points of F and x ¤ y. Suppose that condition (iv) holds. Then we have .x; y/ > 0,˛.x; x/ 1,˛.y; y/ 1 and then by (4) 
Then we have˛. 
Hence, we have
So F is a cyclic . ; '; /˛-contractive mapping. Thus F is a cyclic . ; '; /˛-contractive mapping. Clearly,˛.0; F 0/ D˛.0; 1/ 1 and so the condition (ii) of 2.1 is satisfied. If˛.x; y/ 1, then x; y 2 f0; 1; 2g which implies that˛.F x; F y/ D 3 1, that is, F is an -admissible mapping. Let fx n g be a sequence in X such that,˛.x n ; F x n / 1 and x n ! x as n ! It is clear that .X; / is a complete metric-like space. Suppose that A 1 D f0; 2g and A 2 D f1; 2g and
for all x 2 Y and˛.
x; y/ D ( x 2 C 3; if x; y 2 f1; 2g 0; if x; y 2 f0g: 
Hence, we have 1 and so the condition (ii) of 2.1 is satisfied. If˛.x; y/ 1, then x; y 2 f1; 2g which implies that˛.F x; F y/ 1, that is, F is an˛-admissible mapping. Let fx n g be a sequence in X such that,˛.x n ; F x n / 1 and x n ! x as n ! 1. Then, we must have x n 2 f1; 2g and so, x 2 f1; 2g that is,˛.x; F x/ 1. Hence, all the conditions of Theorem 2.4 hold and F has a fixed point
If in Theorem 2.4, we take .t / D t , then we can get the following corollary. Corollary 2.9. Let .X; / be a complete metric-like space.˛W X X ! OE0; 1/ be a mapping. Assume that F W X ! X is a mapping satisfying the following conditions:
(i) F is an˛-admissible mapping;
(ii) there exists element x 0 in Y such that,˛.x 0 ; F x 0 / 1; (iii) (a) F is˛-continuous, or; (b) if fx n g is a sequence in X such that˛.x n ; x nC1 / 1 for all n 2 N and x n ! x as n ! 1, then .x; F x/ 1. for all x; y 2 X , where is an altering distance function. Then F has a fixed point. Moreover, if (v) for all x 2 F ix.F / we have˛.x; x/ 1. Then F has a unique fixed point. (ii) F is an˛-admissible mapping; (iii) there exists element x 0 in Y such that,˛.x 0 ; F x 0 / 1; (iv) (a) F is˛-continuous, or; (b) if fx n g is a sequence in X such that˛.x n ; x nC1 / 1 for all n 2 N and x n ! x as n ! 1, then .x; F x/ 1. Corollary 2.12. Let .X; / be a complete metric-like space.˛W X X ! OE0; 1/ be a mapping. Assume that F W X ! X is a . ; '; /˛-contractive mapping satisfying the following conditions:
(ii) there exists element x 0 in Y such that,˛.x 0 ; F x 0 / 1; (iii) (a) F is˛-continuous, or; (b) if fx n g is a sequence in X such that˛.x n ; x nC1 / 1 for all n 2 N and x n ! x as n ! 1, then .x; F x/ 1.
Then F has a fixed point. Moreover, if (iv) for all x 2 F ix.F / we have˛.x; x/ 1. Then F has a unique fixed point.
In what follows, we give a cyclic . ; '; /˛-contractive mapping in metric spaces. Now, we have the following result in metric spaces. Since a metric space must be a metric-like space, we omit the proof of the following theorem in here. A i and˛W Y Y ! OE0; 1/ be a mapping. Assume that F W Y ! Y is a cyclic . ; '; /˛-contractive mapping satisfying the following assertions:
(ii) there exists element x 0 in Y such that,˛.x 0 ; F x 0 / 1; (iii) (a) F is˛-continuous, or; (b) if fx n g is a sequence in X such that˛.x n ; x nC1 / 1 for all n 2 N and x n ! x as n ! 1, then .x; F x/ 1. Then F has a fixed point x 2 \ r i D1
A i . Moreover, if (iv) for all x 2 F ix.F / we have˛.x; x/ 1. Then F has a unique fixed point x 2 \ r i D1 A i .
Fixed point theorems for cyclic˛-.Ä; '/ g -contractive mappings
In this section, firstly, motivated by [27] , we want to give the definition of G-distance function. Afterwards, we define a cyclic˛-.Ä; '/ g -contractive mapping via G-distance functions and altering distance functions in metric-like space. At last, we prove some fixed point theorems for such mapping in complete metric-like space. Before stating our main results, we present the following definitions. « for all x 1 ; x 2 ; x 3 ; x 4 ; x 5 2 OE0; 1/, then g is a G-distance function.
x 2 x 3 C 1 7
x 2 x 4 C 1 7
for all x 1 ; x 2 ; x 3 ; x 4 ; x 5 2 OE0; 1/, then g is a G-distance function. where is an altering distance function, ' 2 ‚ 2 , Ä 2 ‚ 5 and M .x; y/ D g .x; y/; .x; F x/; .y; F y/; .x; F y/; .y; F x/ :
Remark 3.5. If in Definition 3.4, we take X D A i , i D 1; 2; : : : ; r, then we say that F is a modified˛-.Ä; '/ gcontractive mapping. By F ix.F / we denote the set of all fixed points of F , that is,
Remark 3.6. Assume that F W X ! X is a cyclic˛-.Ä; '/ g -contractive mapping, x 2 F ix.F / and˛.x; x/ 1. Then we must have .x; x/ D 0. Indeed, suppose that x 2 F ix.F /,˛.x; x/ 1 and .x; x/ > 0. Then M .x; x/ Ä .x; x/. Moreover, by (18), we have
which is a contradiction. Hence .x; x/ D 0. Now, we are ready to state and prove our main result of this section. (b) if fx n g is a sequence in X such that˛.x n ; x nC1 / 1 for all n 2 N and x n ! x as n ! 1, then .x; F x/ 1. Then F has a fixed point x 2 \ r i D1 A i . Moreover, if (iv) for all x 2 F ix.F / we have˛.x; x/ 1. Then F has a unique fixed point x 2 \ r i D1
A i .
Proof. By the condition (ii), let x 0 be an arbitrary point of Y such that˛.x 0 ; F x 0 / 1. Then there exists some i 0 such that x 0 2 A i 0 . Now, by (17) 
, where x n 2 A i n . Hence for n 0, there exists i n 2 f1; 2; : : : ; rg such that x n 2 A i n and F x n D x nC1 . On the other hand, F is an˛-admissible mapping, hence by Definition 3.1, we get
If for some n 0 D 0; 1; 2; : : :, we have x n 0 D x n 0 C1 , then F x n 0 D x n 0 , that is, x n 0 is a fixed point of F . So from now on, we assume x n ¤ x nC1 for all n 2 N. Hence, by Lemma 1.5 (C) we have .x n ; x nC1 / > 0 for all n 2 N. Then by (18) and (19), we have
where M .x n 1 ; x n / D g .x n 1 ; x n /; .x n 1 ; F x n 1 /; .x n ; F x n /; .x n 1 ; F x n /; .x n ; F x n 1 / D g .x n 1 ; x n /; .x n 1 ; x n /; .x n ; x nC1 /; .x n 1 ; x nC1 /; .x n ; x n / :
From Lemma 1.5 (D), we can get .x n ; x n / Ä .x n 1 ; x n / C .x n ; x nC1 / and by . 3/, we have .x n 1 ; x nC1 / Ä .x n 1 ; x n / C .x n ; x nC1 /:
By (21) and the above two inequalities, we have M .x n 1 ; x n / D g .x n 1 ; x n /; .x n 1 ; x n /; .x n ; x nC1 /; .x n 1 ; x nC1 /; .x n ; x n / Ä g .x n 1 ; x n /; .x n 1 ; x n /; .x n ; x nC1 /; .x n 1 ; x n / C .x n ; x nC1 /; .x n 1 ; x n / C .x n ; x nC1 /
Now, we want to show that .x n ; x nC1 / < .x n 1 ; x n /. If .x n ; x nC1 / .x n 1 ; x n /, by (22) and the properties of g, then we have M .x n 1 ; x n / D g .x n 1 ; x n /; .x n 1 ; x n /; .x n ; x nC1 /; .x n 1 ; x nC1 /; .x n ; x n / Ä g .x n 1 ; x n /; .x n 1 ; x n /; .x n ; x nC1 /; 2 .x n ; x nC1 /; 2 .x n ; x nC1 / Ä g .x n ; x nC1 /; .x n ; x nC1 //; .x n ; x nC1 /; 2 .x n ; x nC1 /; 2 .x n ; x nC1 / Ä .x n ; x nC1 /:
Using the properties of Ä, ' and (20) together with (23), we have . .x n ; x nC1 / C '. .x n ; x nC1 /// D . .F x n 1 ; F x n / C '. .F x n 1 ; F x n /// Ä Ä .M .x n 1 ; x n / C '.M .x n 1 ; x n /// Ä Ä . .x n ; x nC1 / C '. .x n ; x nC1 /// < . .x n ; x nC1 / C '. .x n ; x nC1 ///; which is a contradiction. Therefore, .x n ; x nC1 / < .x n 1 ; x n / holds for all n 2 N and there exists ı 0 such that lim n!1 .x n ; x nC1 / D ı. Next, we shall show that ı D 0. In order to prove ı D 0, we assume that ı > 0. By (20) and (22) and together with the properties of Ä, ', we have
which is a contradiction. Thus lim n!1 .x n ; x nC1 / D 0. .x m.k/ ; x n.k/CsC1 /; .x n.k/Cs ; x m.k/C1 / :
If we let k ! 1 in (25), then we have M .x m.k/ ; x n.k/Cs / ! g. ; 0; 0; ; / Ä g. ; ; ; 2 ; 2 / Ä : (24) and (25) we have
which is a contradiction. Thus we can conclude that lim n!1 .x n ; x m / D 0, that is, the sequence fx n g is a -
On the one hand, we assume that (a) of (iii) holds, that is, F is˛-continuous. Then, it is obviously that
On the other hand, we assume that (b) of (iii) holds and˛.x n ; x nC1 / 1. Then, we have˛.x; F x/ 1 and sǫ .x; F x/˛.x n.k/ ; F x n.k/ / 1.
Next, we prove that x is a fixed point of F . Since lim n!1
x n D x and F .A j / Â A j C1 , j D 1; 2; : : : ; r, where A rC1 D A 1 , the sequence fx n g has infinitely many terms in each A i for i 2 f1; 2; : : : ; rg. Suppose that x 2 A i . Then F x 2 A iC1 and we take a subsequence fx n.k/ g of fx n g with x n.k/ 2 A i 1 (the existence of this subsequence is guaranteed by the above mentioned comment). By using the contractive condition (18), we obtain
where M .x; x n.k/ / D g .x; x n.k/ /; .x; F x/; .x n.k/ ; F x n.k/ /; .x; F x n.k/ /; .x n.k/ ; F x/ D g .x; x n.k/ /; .x; F x/; .x n.k/ ; x n.k/C1 /; .x; x n.k/C1 /; .x n.k/ ; F x/ : (27) In (27) , letting k ! 1, using the properties of g, we have lim n!1
M .x; x n.k/ / D g 0; .x; F x/; 0; 0; .x; F x// Ä g. .x; F x/; .x; F x/; .x; F x/; 2 .x; F x/; 2 .x; F x/ Ä .x; F x/:
In (26), letting k ! 1 and using the continuity of Ä, ' and (28), we can get
which is a contradiction. Hence .F x; x/ D 0, that is, F x D x. Therefore, x is a fixed point of F . The cyclic character of F and the fact that x 2 X is a fixed point of F , imply that x 2 [
A i . At last, we shall prove the uniqueness of the fixed point point. Now we assume that x; y 2 [ which is a contradiction. Hence .x; y/ D 0, that is to say that x D y. The proof is completed.
Remark 3.8.
(1) If we take g; Ä; ' for different values in Theorem 3.7, then we obtain some various corollaries. In here, we want to omit these corollaries for the sake of simplicity. (2) Similarly as in Section 2, we can get the corresponding conclusion in complete metric spaces. In here, we want to omit these corollaries for simplicity.
Consequences
In [17] , the authors state the following notions consistent with Jachymski [28] . Let .X; / be a metric-like space and 4 denote the diagonal of the Cartesian product X X . Consider a directed graph H such that the set V .H / of its vertices coincides with X, and the set E.H / of its edges contains all loops, i.e., E.H / Ã 4. We assume that H has no parallel edges, so we can identify H with the pair .V .H /; E.H //. Moreover, we may treat H as a weighted graph (see [28] ) by assigning to each edge the distance between its vertices. 1 ([28]) . We say that a mapping F W X ! X is a Banach H -contraction or simply H -contraction if F preserves edges of H , i.e., 8x; y 2 X W .x; y/ 2 E.H / ) .F .x/; F .y// 2 E.H / and F decreases weights of edges of H in the following way: 9 k 2 .0; 1/; 8x; y 2 X W .x; y/ 2 E.H / ) d.F .x/; F .y// Ä kd.x; y/:
Definition 4.2 ([28]).
A mapping F W X ! X is called orbitally continuous, if given x 2 X and any sequence fk n g of positive integers, F k n x ! y 2 X as n ! 1 implies F .F k n x/ ! F y as n ! 1.
Definition 4.3 ([28]).
A mapping F W X ! X is called H -continuous, if given x 2 X and any sequence fk n g of positive integers, x n ! x 2 X as n ! 1 and .x nC1 ; x n / 2 E.H / for all n 2 N implies F x n ! F x.
Definition 4.4 ([28]).
A mapping F W X ! X is called orbitally H -continuous, if given x; y 2 X and any sequence fk n g of positive integers, If in Definition 4.5 we take A i D X where i D 1; 2; : : : ; r, then we say that F is a . ; ; '/-graphic contractive mapping. Now, we give an application by using Theorem 2.4. A i . Assume that F W Y ! Y is a cyclic . ; ; '/-graphic contractive mapping satisfying the following conditions:
(i) there exists element x 0 in Y such that, .x 0 ; F x 0 / 2 E.H /;
(ii) (a) F is orbitally H -continuous on .X; /, or; (b) if fx n g is a sequence in X such that x n ! x as n ! 1, and .x nC1 ; x n / 2 E.H /, we have .x; F x/ 2 E.H /. Then F has a fixed point x 2 \ Firstly, we prove condition (i) of Theorem 2.4, that is, F is an˛-admissible. Since˛.x; y/ 1, then .x; y/ 2 E.H /.
As F is a cyclic . ; ; '/-graphic contraction mapping, we have .F x; F y/ 2 E.H /, that is,˛.F x; F y/ 1. So F is an˛-admissible mapping. Secondly, it is obvious that condition (ii) of Theorem 2.4 holds by Definition 1.8. Thirdly, we prove condition (iii) of Theorem 2.4 holds. Let F be H -continuous on .X; /. That is,
x n ! x as n ! 1 and .x n ; x nC1 / 2 E.H / for all n 2 N imply F x n ! F x:
This implies x n ! x as n ! 1 and˛.x n ; x nC1 / 1 for all n 2 N imply F x n ! F x;
which implies that F is˛-continuous on .X; /. From (i) there exists x 0 2 X such that .x 0 ; F x 0 / 2 E.H /. That is,˛.x 0 ; F x 0 / 1. Let fx n g X be a sequence such that x n ! x as n ! 1 and˛.x nC1 ; x n / 1. Therefore, .x nC1 ; x n / 2 E.H / and then from (ii) we have .x; F x/ 2 E.H /. That is,˛.x; F x/ 1. Thus the condition (iii) of Theorem 2.4 holds. Let x 2 A i and y 2 A i C1 where˛.x; F x/˛.y; F y/ 1. Then x 2 A i and y 2 A i C1 where .x; F x/ 2 E.H / and .y; F y/ 2 E.H /: Since F is a cyclic . ; ; '/-graphic contractive mapping, we have A i . Finally, we prove the uniqueness of the fixed point. Since .x; x/ 2 E.H / for all x 2 F ix.F /, then˛.x; x/ 1. Hence it coincides with the condition (iv) of Theorem 2.4. Then F has a unique fixed point x 2 \ r iD1 A i .
Remark 4.7.
(1) If in Theorem 4.6, we choose .t / D 0 and .t / D t, then we can get Theorem 3.1 of [17] . (2) Similarly to Corollaries 3.1-3.3 and Theorem 3.2 in [17] , we can get the corresponding results which are more general than the results obtained by [17] . Here, we want to omit these results because they are tedious.
